ABSTRACT. During th e I.G.Y . seven geophysical sta tions we re occupied on th e semi-permanent sea ice of inner McMurdo Sound, Antarcti ca . Three more w ere occupied on the fl oating tongue of the Koe ttlitz Glacier. Seismic refra ction , reflection and S-wave propagation studies yielded preliminary d a ta on the configurations of th e ice cover and a profile of the bo ttom of the sound. The bottom slopes smoothly to a d epth of 627 m . at th e center of the sound. Secondary reflections indicate the presen ce of an unconsolidated layer on the bottom a t some points. The glacier tongue n ear its seaward edge has a fairl y uniform thickness of about 45 m . 
LG.Y. geophysical explora tion team in the Antarctic were " grounded" at the Naval Air Facility on Ross Island for a period often days with no prospect of resuming airlifted work on the Victoria Land ice sheet (Cook, 1 958[a] , [b] ; Vickers, I959[a] , [b] ) . This circumstance afforded an opportunity to explore the semi-permanent ice cover and the bottom configuration of McMurdo Sound between Ross Island and the Antarc tic mainland (Fig. I) . Geologists working in the area (Pew e, (960) were particularly interested in knowing whether the great Koettlitz Glacier tong ue was afloat or grounded in the a rea near Cape Chocolate, and whether bottom deposits were present elsewhere.
Therefore, a seismic traverse of ten stations was run across the sound, a distance of 50 km . For transportation over the generally smooth, hard, old sea ice near Ross Island and the Ross Ice Shelf a "Weasel" tracked vehicle was used, towing a half-ton tent-covered sledge in which the seismic instruments (an HTL type 7000-B outfit) were installed. The sea ice and glacier tongue near the m a inla nd, however, had patches of wind-blown dust from the land, and were so roughened by large pits up to J m. deep ca used by differential ablation, by melt-water streams and by ta ll ice-covered moraines of dark igneous and metamorphic rocks, as to be impassable by " Weasel" (Fig. 2) . The last three stations consequently were occupied by helicopter airlift. Station positions were determined to within a few hundred meters by means of Brunton compass sightings on prominent landmarks shown on the map.
The ice along the entire traverse line was immediately found to be afloat, since a magnetic balance or a gravimeter showed the unsteadiness from sea swell which is characteristic of floating ice near open water. The seismic reflection records showed considerable water depths, and also indicated possible bottom deposits. This paper gives d etails of the seismic experiments and their results.
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Since th e present work was submitted for publication a closely related paper by R obinson ( 1963 ) has been published. SEISMIC STU DIES NEAR R oss I SLAND Figure 3 summarizes the principal data from the six best seismic records made at sta tion 1 (Fig. I) 
M 216M
--"
-- (From U.S. N avy Hydrographic Office Chart No. 6666 ) at the south ends of the spread, giving an apparent bottom dip of 2' 04 0 downward to the south. An extrapolation of this dip does not agree with the shoreline, indicating a concave bottom shape.
The a bsence of refractions ( Fig. 3) for either of the 1,650 m. distances a pparently m eans that the velocity of compressional waves in the bottom materials near Ross Isla nd is not over 1,430 m. /sec. On the plots of two of the records (Fig. 3 ) a clear sub-bottom reflection can be seen which indicates a layer not more than 85 m. thick. Attempts have been made to derive precise formulae for the velocity and thicknesses of this layer from the reflection data a lone without success, but an approximate method gave a velocity of 675 m. /sec. It is surmised that this layer may consist of volcanic scoria and cinders such as are found on the slopes of Ross Island. The low velocity might be p artially explained by the influence of closed-off, gas-filled voids in this material.
The first arrivals of Figure 3 give an average velocity for the longitudinal plate wave (one type of P-wave) in this sea ice of 2,600 ± 50 m. /sec., which agrees well with values obtained by Hunkins ( 1960) for Arctic sea ice in summer. The (white) sea ice at station I was found to be about I m. thick by boring ; elsewhere the older ice was thicker, bluish and so hard that boring auger holes deeper than 3 m. by hand was generall y not practicable in the time available. Many of these holes filled to within about I m. of the surface by seepage of brine from below. There were no leads, and only one tide crack creaking in the sea swell was encountered, between stations 3 and 4.
The characters of the various waves plotted in Figure 3 are summarized in Table I . The various shots are not strictly comparable because of differences in the fi ltering, shot size a nd the conditions of shot burial. Nevertheless, an attempt has been made, using the best calibration data and curves available, to deduce amplitudes for equal shots at three distances. These results are useful on ly to indicate the order of magnitude of seismic energy which can be generated by shots in or under sea ice, and the frequencies and wave forms resulting. Figure 4 shows three typical records. Note particularly the high-frequency noise arriving after the bottom reflections. These records were made under nearly windless, seismically quiet conditions, which prevailed throughout the survey.
AIR-COUPLED AND PLATE FLEXURE WAVES
Air-coupled waves would not be expected with the buried shots used, but they were nevertheless observed at station , in record number 4-77, at distances of 600 to 1,100 m. from
4 00 600 800 1000 1200 1400 1600 X, DETECTOR DISTANCE NORTH OF SHOT, M. ; RECORDS 4-71 ETC . I m. below the ice surface, unde r t he reasonable assumption that th e signal amplitude is proportional to th e square root of the source energy, h ence charge size.
the shot, as gradually growing 29 c. /sec. wave trains (Fig. 4b) This apparentl y d iscriminated against fl exural plate waves to such a degree that only a few cycles were seen and th ey could not be extricated from other waves well eno ug h to measure dispersio n . H owever, at station I records numbers 4-63 and 4-73 , taken without fi ltering, displayed lo ng wave trains progressively decreasing in frequency. These wave trains did not a ppear to be continuations of thc first a rrivals as is shown in Figure 4a . Nevertheless, values of time, shot distance and freq uency (found by measuring crest-to-crest time intervals), when plotted on a replica of the theoretical ch art published by Hunkins ( 1960 ) , showed some tendency towards agreement with given curves, except for a pronounced difference in slope (Fig. 5) . Assum ing that the wave trains seen are vertica l plate flex ure waves, the data indicate ice thicknesses of about I m. at station I and about 3 m. a few hundred meters north of it, again in good agreement with drill holes, although 2·5 m . of the ice to the north was ... 4-96, 1560 * In each case the velocity is preceded by the record number. * Probably infl uenced by superimposed S-waves (see Fig , 6a ). mcrel y ha rd snow (fi rn ), res tin g upon a li ttle slush a nd on I y o · 5 m . of sea ice. A t sta tion 3 the dispersion m easured a t the m ore d istant geoph o nes implies an ice thickness of 4-5 m. , a possible value fo r old sea ice. According to a 1956 ice ma p for M cMurdo So un d , t he ice a t sta tion s 3 a n d 4 was proba bly a t least two win ters old .
In gen era l, th e fi rst strong a rrivals a t a ll statio ns appeared to b e fl exura l p la te waves, judging by thcir velocities w hich a re listed in T a b le 11 . However , in m a ny records a n ea rli er, h igh-fi'cq uency a rriva l was a lso seen at sho rt distances, wh ich is ass umed to b e a direct ~- I r'~' \ "~f!'i>'" V i (Fig. 6a) . If so, this arrival g ives the velocities of horizon tall y tra velling P-waves in su m m er sea ice and glacier ice at vario us stations, w hich are a lso listed in Table 11 .
At a ll ten statio ns one of th e primary explora tio n o bj ectives was to learn th e d epth of the water. At a ll statio ns good bottom reflections were seen, with as m any as five mul tiple-path echoes. Since th e thickness of the sea ice was neglig ible, bottom dep ths were calculated for the fi rst seven station s by mul tip lyin g ha lf th e fi rst-reflection time, corrected for step-o u t, by the ass umed sea-water velocity, 1.430 m. /sec. For th e last three stations ice velocities a nd thicknesses were d etermined first, the ice travel times w ere sub tracted , wa ter thickn esses d eterm in ed and estim ated su b m erged ice thi cknesses ad d ed to give dep th of b ottom below sea-level. An ice d ensity of 0·88 g. /cm ) was ass umed . Figure I . The results are mostly in agreement with soundings made in adjacent ice-free areas, but show the need for further seismic exploration farther south to delineate the bottom contours more fully.
MISCELLANEOUS RESULTS
At six stations several distinct seismic events were recorded besides the first arrivals and their multiples. At stations 8, 9 and 10 on the glacier tongue, some of these could be accounted for by reverberations within the ice, and were used with local velocity data from first arrivals to estimate the ice thickness. The results, shown in Figure 7 , are reasonable in view of the apparent height of the glacier surface above sea-level, estimated at 5 m. as viewed from station 7.
Ice thickness was also checked by special transverse-wave experiments at the last three stations: six geophones were reburied in a shortened spread with 10 m. spacings, orientated with their axes horizontal and at right angles to the spread line. As a seismic source, about 220 g. of 60 per cent dynamite was propped against the vertical face of a small cliff of hard ice in line with the spread, so as to generate a horizontal thrust transverse to the geophone spread. Figure 6b illustrates the sort of results obtained. The velocity of SH-waves in this ice was found from first arrivals to be about 1,700 ± 50 m. /sec. in the glacier tongue. The icebottom reflection was reasonably clear and gave the ice thicknesses shown in Table Ill .
At stations 1,6 and 7 the secondary events could not be accounted for otherwise than by reverberations within sub-bottom strata. Station I has already been discussed. At stations 6 and 7 a layer of bottom materials having a velocity comparable to the 675 m ./sec. estimated at station I can be postulated. The thickness of this material would be as shown in Figure 7 . A continuation of the layer to station 5 (see Fig. 4c ) and to at least station 8 is surmised because of several secondary seismic events (Table Ill ) which do not seem to correspond to reverberations within the ice layer. 
CONCLUSIONS
In this paper the author has given examples of seismic data from mature sea ice and a floating glacier tongue. He has tried to show how the seismic method can be used to explore shallow seas covered by such ice, and to ascertain some properties of the ice itself at the same time. Horizontally polarized shear waves have been successfully used to measure moderate ice thicknesses.
The floating tongue of the Koettlitz Glacier is about 45 m. thick at three points 6 to 16 km . from its seaward edge. This particular thickness no doubt represents a persisting balance between nourishment and wastage. It would be interesting to know how the thickness of the tongue varies as its source is approached , the rates of seaward flow and expansion, and the annual total of gains and losses of ice from the g lacier surface.
A layer ofloose or porous material has apparently been detected on the bottom of McMurdo Sound. It is likely that several layers of volcanic ash, ice-rafted rocks and dust blanket the bottom in this area. Additional seismic studies, coupled with bottom dredging and conng data, might assist in interpreting the recent geological history in this area.
